We report on the modelling and experimental validation of a photopolymerizable hydrogel for a Nucleus Pulposus replacement.
Introduction
Lower-back pain is experienced by 70 to 85% of the world's population once in their life. 1 For intervertebraldisc-arthroplasty spinal-fusion remains the gold standard. 2 Other currently available implants and treatments do not prove to be more efficient. 3, 4 Yet, more physiological solutions would strongly reduce the degree of invasiveness. Thus, an attractive option is to replacement the Nucleus Pulposus, the interior of the intervertebral disc. 5 Photopolymerizable hydrogels are a viable option. During polymerization, the material's absorption and scattering coefficients change and directly influence local polymerization rates and hence the mechanical properties. By controlling the input light pattern, local material properties can be engineered, such as elastic moduli and swelling ratios to match the set of requirements for the replacement. Furthermore, the light necessary for the photopolymerization can be constrained to a small light guide to keep a surgical procedure as minimally invasive as possible.
Methods
Photopolymerizable hydrogels were injected or molded in their liquid form and then polymerized inside a tissue-or artificial cavity. Monomer conversion during photopolymerization Hence using an optical fiber gels of different volumes and shapes were polymerized (sample shown in Figure 1a) . Quantitative scattering and absorption values as well as monomer conversion rates of the hydrogel sample were evaluated with a newly established Monte Carlo model (Figure 1b ) for photopolymerization and then compared to photo-rheology measurements. Stress relaxation and fatigue behavior of polymerized samples were measured on a material testing machine to assess gels' short-and long term behaviors.
Results
3D polymerization patterns for different illumination configurations and associated material properties could be predicted. Swelling ratios and elastic moduli were measured as a function of monomer conversion. Preliminary results of hydrogel fatigue tests are presented in Figure 2 showing material-stiffening after repetitive cyclic testing, but no change in relaxation behavior. 
Discussion
An approach is proposed, where properties like swelling ratios or elastic moduli can be tailored for in-situ implant design. However, to mimic the complexity of living tissues further testing and development are required. Photo-polymerized material strongly depend on the polymerization conditions and their environment 6 . Factors like local oxigen levels or light scattering within a tissue can heavily change polymerization-outcomes and thus final material properties.
